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Introduction
The broad use of lasers has resulted in an increasing number of patients who have visual problems due to occupational eye injuries [1] [2] [3] . Photocoagulation is also routinely used as a major treatment method for many retinal disorders. In clinical practice, injuries can also occur in the adjacent normal tissue. Therefore, many visual problems appear, such as retinal scarring, visual field defects and night vision loss. It has been reported that laser scars increase by 50% in size within approximately 2 years [4] . Laser-induced injuries mainly include necrosis in the area caused by laser irradiation and apoptosis in the adjacent area due to a thermal effect [4] [5] [6] . How to reduce side effects is an urgent topic that needs to be explored. Furthermore, it is necessary to study mechanisms and protection methods against laser-induced injuries.
Traditional Chinese medicine (TCM) has been successful in improving health, energy, and vitality all over the world for thousands of years. It has been suggested that TCM has many pharmacologic effects, such as an anti-apoptosis effect, anti-cancer effect, and antiinflammatory effect [7] [8] [9] .
In ophthalmology clinics, there are no significantly efficient treatment methods for many fundus diseases. Chinese herbal medicine therapy has been developed empirically over many years. Radix Pseudostellariae is one of the most widely used formulae in TCM. Radix Pseudostellariae is also known as Pseudostellaria. In the past decades, Radix Pseudostellariae has been reported to exert a wide range of functions and indications on the spleen and lungs. It is widely used as treatment for Qi deficiency. However, the underlying mechanisms of action on a molecular or system level are still unknown. Recent studies have shown that polysaccharides isolated from RP have an antioxidant effect in the neuroendocrine and immune systems [10] [11] [12] .
In the current study, we created a retinal laser damage model in rabbits. Then, through stomach intervention, the effects of RP ginseng saponin extracts were compared using the model and controls. The experimental results showed that the RP extract prohibits an antiapoptosis effect.
Materials and Methods

Experimental animals
Fifty-eight healthy adult Chinchilla rabbits (29 males and 29 females; 116 eyes) were selected that weighed 2.5-3.0 kg. The animals were provided by the animal experimental center of Nanjing Medical University. Before the experiment, an examination showed that the anterior segment and fundus of the eyes were normal. The animals were fed ad lib and maintained on a 12-hour light-dark cycle. All experimental protocols were approved by the Animal Care and Use Committee of Nanjing University of Traditional Chinese Medicine.
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B-23 rabbits received the same volume of saline after laser irradiation; and the control Group C-12 rabbits did not receive laser irradiation. The rabbits were sacrificed 1 day, 7 days, 14 days or 30 days after laser irradiation. Eleven rabbits died during the course of the study; therefore, there were 4 rabbits in the treatment group and 3 rabbits in the control group at each time point but 5 rabbits in Group A and 6 rabbits in Group B at 1 month.
RP saponin extract RP (native to Fujian herbal medicines planting base, China) was purchased from the pharmacy of Jiangsu Province Hospital of Traditional Chinese Medicine (Jiangsu, China). The authenticity of the plant was confirmed by Dr YF Zhu, a botanist at Jiangsu Province Hospital of Traditional Chinese Medicine (Jiangsu, China). Heterophylla 500 g was obtained, and 10 times the amount of 70% ethanol reflux was added and extracted 2 times, each time for 1 h. The alcohol extracts were combined and decompressed to obtain the evaporation residue. The residue was dissolved in 500 ml of water and transferred to a separatory funnel. Water-saturated butanol (500 ml of an n-butanol solution) extraction was performed 3 times. After each extraction, the butanol fraction was recovered by vacuum to obtain the total saponin in RP. The crude drug concentration was 1 g/ml.
Administration method
The intragastric volume was calculated according to the equivalent dose conversion ratio of the body surface area of humans and animals using the formula: (10 × 0.07/1.5) × rabbit body weight (kg). The gavage was carried out immediately after laser irradiation and repeated daily in groups A and B. A semitransparent silicone catheter, gag and rabbit clip were used to gavage.
Method for making specimens
Fundus photography was performed 1 day, 7 days, 14 days, and 30 days after laser irradiation to observe fundus changes. The rabbits were then sacrificed with a phenobarbital overdose, and their eyes were enucleated and fixed in 2% glutaraldehyde. Using a surgical microscope, dyed posterior segments of the eyes were dissected into tissue samples and pruned into rectangular specimens.
One rabbit was randomly selected from each group for other uses and three were chosen for light microscopy observation, immunohistochemistry tests and PCR detection. The specimens from random eyes of the rabbits were divided into two parts and then placed in liquid nitrogen for preservation; one part was for the measurement of SOD (superoxide dismutase) and MDA (malondialdehyde) levels, the other part was for real-time fluorescence quantitative PCR detection. The other specimens were marked for light microscopy and TdT-mediated dUTP nick end labeling (TUNEL) examination.
Light microscopy
The specimens were fixed in 10% formalin for 48 h. The specimens were obtained along the marked direction (RM2235 Leica, Germany) and then paraffin embedded (Tissue-Tek TEL SAKURA, Japan). Three continuous sections were obtained every 40 μm (2 slices per section, one for light microscopic observation and the other for TUNEL) for routine H&E staining and were observed under a light microscope using 4× and 10× magnification settings. The three widest lesion diameters of each slice were measured. 
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Retinal lesion size measurement Image-pro Plus 6 software (Version 6.0.0. 260, Media Cybernetics Inc.) was used for image analysis. The outer nuclear layer (ONL) changes in photocoagulation were taken as the reference layer.
Detection of apoptotic retinal cells
The specimens were fixed in paraffin sections, and the TUNEL method was used to detect apoptotic retinal cells. Briefly, for microwave repair, the samples were washed 3 times with PBS, and for digestion, proteinase K (50 μL) was added to the samples for 15 minutes. The reaction containing the enzyme and nucleotides were incubated at a constant temperature (37 ℃) for 1 h. After incubation, the samples were washed with PBS and subsequently incubated with an HRP-conjugated antibody at 37 ℃ for 30 min. The samples were stained with DAB, and microscopic observations were conducted. Near the nucleus, 5 randomly selected views were screened for lesions with a diameter of 1. The number of cells within the lesions were counted, and the total number of apoptotic cells photoreceptor cells, as indicated by staining, were obtained; the average photoreceptor apoptosis rate was calculated from these values.
Determination of MDA and SOD levels
The levels of SOD and MDA in all groups were measured 1 day, 7 days, 14 days, and 30 days after photocoagulation using a kit (Nanjing JianCheng Biological Engineering Institute, Nanjing). The protein content of the tissue was used as a reference, and the absorbance of a blank tube was used as a control.
Real-time PCR detection
Total RNA was isolated using the TRIzol reagent (Grand Island, NY) as described by the manufacturer. Briefly, the tissues of treated rabbits and controls were homogenized and resuspended in 1 ml of TRIzol. The suspension was then extracted with 0.2 ml of chloroform. After centrifugation, the aqueous phase was mixed with 0.5 ml of isopropyl alcohol. The resulting pellet was washed with 0.7 ml of 75% ethanol and then resuspended in 50 μl of RNase-free water. The RNAs were used in subsequent steps when their OD 260 / OD 280 values were between 1.8 and 2.0. All qualified 500 ng RNA samples were synthesized into cDNA using a reverse transcription reagent kit and were kept at -80°C until further use.
Expression levels of target genes were analyzed with an ABI 7500 fast real time PCR System and Power SYBR Green PCR Master Mix. The primers for the rabbit Bax, c-fos and β-actin genes were designed using Primer Express, as shown in Table 1 . The optimized concentrations for real-time PCR were 0.2 μM for both primers in a 10-μl reaction volume. Rabbit β-actin expression was used as an internal control. 
Statistical analysis
The data are expressed as the mean ± SD. A two-tailed, unpaired Student's t-test was used to analyze the significance of differences between lesion sizes at the same time points for two groups; ANOVA was used to analyze the significance of differences in lesion sizes within the same group and was also used to analyze the levels of SOD and MDA, apoptosis rates, expression levels of c-fos and bax within the same group and within the same time point. P<0.05 was considered to represent a statistically significant difference. 
Results
Reduced lesion size with Radix Pseudostellariae treatment
Lesion sizes were significantly different at each time point between groups A (F=6.106, P=0.002) and B (F=3.679, P=0.020). Lesion sizes at 1 month were smaller than at 1 day and 1 week (P=0.001, P=0.002, respectively) in Group A. The lesions sizes at 1 day were larger than at 2 weeks or 1 month (P=0.026, P=0.004, respectively) in Group B (see Table 2 ). The lesion sizes at 1 day, 1 week and 2 weeks in Group A were smaller than in Group B, but the difference was not significant (t=1.583, P=0.152; t=0.661, P=0.527; t=0.582, P=0.576, respectively). However, the differences became significant at 1 month (t=2.750, P=0.015). As shown in Fig. 2 , the lesion sizes in both groups A and B were largest at 1 day and then decreased with time. The lesion sizes in Group B stabilized at 2 weeks, while lesions sizes of Group A still had a downward trend at 1 month.
Enhanced SOD levels after RP treatment
As shown in Table 3 and Fig. 3 , there were significant differences in the levels of SOD at different time points after photocoagulation in Group A (F=34.386, P<0.001). The SOD level reached the highest at 1 day and then decreased at 1 week, 2 weeks and 1 month (P<0.001). There were also significant differences in the levels of SOD at different time points in Group B (F=39.203, P<0.001). The SOD levels were highest at 1 day and then decreased at 1 week, 2 weeks and 1 month (P<0.001). The levels at 1 week were significantly lower than at 1 day (P=0.001) and higher than at 2 weeks and 1 month (P=0.002, P= 0.002, respectively). There were no significant differences in Group C at different time points (F=3.084¸ P=0.083). The SOD levels in Group B were significantly lower than in groups A and C at 1 day, 1 week, 2 weeks, and 1 month (P=0.001, P=0.002, P<0.001, P<0.001, respectively). The SOD levels in Group A were significantly higher than in Group C (P<0.001) at 1 day and then decreased and were lower than Group C at 1 week (P=0.015). There were no significant differences between the two groups at 2 weeks and 1 month (P=0.065, P=0.159, respectively). 
Cellular Physiology and Biochemistry
Decreased MDA levels after RP treatment MDA levels were also determined after RP treatment. As shown in Fig. 4 and Table  4 , there were significant differences in the levels of MDA at different time points after photocoagulation in Group A (F=58.186, P<0.001). The MDA level reached the highest at 1 day and then decreased at 1 week, 2 weeks and 1 month (P<0.001). The level at 1 week was significantly lower than at 1 day (P<0.001) and was higher than at 2 weeks and 1 month (P=0.001, P<0.001, respectively). There were also statistically significant differences in the levels of MDA at different time points in Group B (F=89.111, P<0.001). The levels at 2 weeks and 1 month were lower than at 1 day and 1 week (P<0.001). There were no significant .001, respectively). The differences in MDA levels were not significant in groups A and C at 1 day (P=0.105), while there were significant differences at 1 week, 2 weeks, and 1 month (P=0.001, P=0.002, P=0.002, respectively). 
Reduced c-fos and Bax mRNA levels after RP treatment
The results for groups A and C showed no significant differences at different time points (F=3.004, P=0.095; F=0.611, P=0.627, respectively). The results for Group B at different time points were significantly different (F=9.136, P=0.006), which at 2 weeks were higher than at 1 day, 1 week, and 1 month (P=0.007, P=0.001, P=0.022, respectively). There were significant differences in the three groups at 1 day, 1 week 2 weeks and 1 month. The levels for Group B were higher than for groups A and C, while the results in groups A and C showed no significant differences (Fig. 6) .
According to Table 6 , there were no significant differences in groups B and C at different time points (F=0.683, P=0.587; F=1.268, P=0.349, respectively). The results for Group A at different time points were significantly different (F=24.899, P<0.001), which at 1 day were higher than at 1 week and 2 weeks (P<0.001, P=0.001, respectively). The results for 1 month were also higher than for 1 week and 2 weeks (P<0.001, P=0.001, respectively). There were significant differences among the three groups at 1 day, 1 week, 2 weeks, and 1 month. The levels of Group A were lower than those of groups B and C, while levels in groups B and C showed no significant differences (Fig. 7, Table 7 ). 
Discussion
Large doses of hormones are used as a treatment method for retinal laser injuries [15, 16] , but this treatment has only a short-term effect and has many side effects [17] . MK-801, which is a non-selective NMDA receptor antagonist, can also be used [18] , but it has been shown to exert a certain toxicity in the human body. At present, there have been few studies on traditional Chinese medicine interventions for retinal laser injury. In previous studies, RP saponin extract was suggested to have antioxidant activity [11] . Our study showed that RP saponin extract could reduce the size of the retinal laser lesion, inhibit oxidative stress reactions, downregulate c-fos and Bax gene expression levels, and inhibit optic cell apoptosis, thereby exhibiting a protective effect on retinal laser injury.
The animal we chose to use was the chinchilla, mainly because its retina is rich in pigment and because the macular structure is similar to that of humans. As the cone density of the fovea was low, visual function was low [19] . Taking into account the combined magnifications of the contact lens and a rabbit's eye, the aerial images of 200 μm would be 132 μm on a retinal spot [20] . From morphologic comparison, light microscopy results showed that there were no significant differences in lesion sizes in the RP group and the saline group. Lesion sizes for both groups decreased gradually 1 month after photocoagulation, which was similar to the findings of Yannis [21] [22] [23] . However, Maeshima suggested that lesion size increased with time [24, 25] . We propose that there may be several reasons for this discrepancy: the observation period was insufficient; there was influence from the basic diseases; the lesion size measurement method was based on a different reference plane; we selected the ONL layer as baseline; and there were species differences. However, the lesion sizes of the RP group were lower than those in the saline group at all time points, and significant differences were demonstrated at 1 month. We suggest that the saponin extract of RP can reduce the size of lesions.
For the measurement of SOD and MDA levels and for the measurement of the expression levels of c-fos and Bax genes, we did not separate the retinal and choroidal layers because the separation manipulation might cause measurement error and because laser damage may affect both retinal and choroidal tissues [26, 27] . Previous studies on the mechanisms of laser induced-retinal damage showed that the damage was mainly due to thermal effects, which could produce oxidative stress, induce free radical generation, and cause the formation of lipid peroxide, thereby causing necrosis and apoptosis of cell photoreceptors with progressive enlargement of the laser lesion size, with reduced SOD levels and increased MDA levels [23, 24, 28, 29] .
SOD is the most important substance in organisms to scavenge free radicals. There are more than 60 diseases caused by oxygen free radicals. SOD can convert O 2 -into H 2 O 2 and exert influences against or block the damage to cells due to oxygen free radicals. MDA is the product of lipid peroxidation. In our study, SOD levels were significantly decreased in the saline group after 1 day, and stabilized at 2 weeks; while MDA levels reached a peak at 1 week and then decreased and stabilized by 2 weeks. We suggest that the retinal oxidative stress reaction after photocoagulation reached a steady state at 2 weeks. SOD levels were significantly decreased in the RP group after 1 day and then stabilized at higher levels at 1 week because short-term SOD compensation may be increased after laser photocoagulation. In addition, MDA levels decreased gradually after 1 day and stabilized at 2 weeks.
The SOD levels in the saline group were significantly lower than in the RP group and the control group at 1 day. The SOD levels in the RP group remained at the baseline level after 2 weeks. The MDA levels in the RP group were significantly lower than in the saline group at 1 day. We suggest RP saponin extract can inhibit the decrease in SOD concentrations and decrease MDA levels. RP extract has been postulated to exert antioxidant activity through the elimination of -OH, O -2 , H 2 O 2 and increases in the activity of antioxidase. Therefore, RP extract may be an effective free radical scavenger and play an important role in the prevention and treatment of free radical related diseases.
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Many previous studies have suggested that there is a direct relationship between oxygen free radicals and apoptosis [30] [31] [32] [33] . It has been suggested that the upregulation of oxygen free radicals or the depletion of endogenous antioxidants could induce cell apoptosis. Endogenous or exogenous antioxidants can inhibit apoptosis. TUNEL is the most common and specific method for detecting apoptosis. Our study demonstrated that the apoptosis rate in the RP group at each time point was significantly lower than in the other two groups, suggesting that the saponin extract of RP had anti-apoptotic effects.
The c-fos gene has been suggested to induce neural cells apoptosis. In this study, the gene expression levels of c-fos reached a peak at 2 weeks in the saline group and showed significant differences at other time points. In comparison, c-fos gene expression levels were basically the same in the RP group and the control group at each time point. The expression levels of the c-fos gene in the saline group were higher than in the RP group and control group at all time points. We suggest that apoptosis in the retina after laser photocoagulation peaked at 2 weeks, and the saponin extract of RP can inhibit the expression level of the c-fos gene. The Bax gene has been shown to have a pro-apoptotic effect. In this study, our results showed that Bax gene expression levels at 1 week and 2 weeks in the RP group were lower than at 1 day and 1 month, presenting a 'U' shape change. In comparison, the expression levels of the Bax gene were almost the same in the saline and control groups at each time point. The protein levels of the bax gene in the RP group were lower than in the saline and control groups at all time points. We suggest the saponin extract of RP can inhibit the expression of the bax gene after laser photocoagulation, especially at 1-week and 2-week time points.
In conclusion, RP saponin extract can significantly reduce the size of lesions produced by a frequency-doubled 532-nm laser within 1 month after retinal photocoagulation. RP can inhibit the reduction of SOD levels after laser photocoagulation and render it to be maintained at the baseline level. Furthermore, it reduced MDA levels and achieved stability at 2 weeks. Through increasing c-fos levels and reducing Bax protein levels, the saponin extract of RP can inhibit cell apoptosis. Thus, RP saponin extract exhibits a protective effect on retinal laser injuries.
